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SYSTEM FOR ACCESS TO A
SYNCHRONOUS NETWORK OF THE TYPE
COMPRISING TRANSMITTING
EQUIPMENT AND RECEIVING EQUIPMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s based on, and claims priority
from, French Application Number 99/04852, filed Apr. 14,

1999, the disclosure of which 1s hereby incorporated by
reference herein 1n its entirety.

FIELD OF THE INVENTION

The present invention concerns a system for access to a
synchronous network of the type comprising transmitting
equipment and receiving equipment.

The present invention applies to any type of transportation
by synchronous multiplexing, the two main currently known

types of which are synchronous digital hierarchy (SDH) and
the American hierarchy known as SONET (Synchronous

Optical NETwork).

Although the invention 1s described 1n relation to the first
of these hierarchies, it will be understood that it can apply
to the second, the fundamental principles of which are
equivalent 11 not identical.

BRIEF SUMMARY OF THE INVENTION

A statement 1s given below of the characteristics defined
in the ITU-T Recommendation G.707 relating to synchro-
nous digital hierarchy (SDH) which are necessary for an
understanding of the present description.

This Recommendation G.707 defines a basic 155.520
Mbits/sec frame known as STM-1 (Synchronous Transport
Module level 1). It also defines containers 1n each of which
the data to be transmitted are included and an overhead
known as POH (Path Overhead) in order to form what 1s
called a virtual container VC. Different types of virtual
containers are provided according to their capacity and
therefore the rate which they make 1t possible to obtain. Thus
virtual container VC4 allows a rate of approximately 150
Mbits/sec, virtual container VC3 a rate of approximately 48
Mbits/sec, VC2 a rate of approximately 7 Mbaits/sec and
V(12 a rate of approximately 2 Mbits/sec.

In FIG. 1, four successive basic STM-1 frames can be
seen, forming between them what 1s referred to in the
remainder of the present description as a multiframe. Each
basic frame, with a duration of 125 s, 1s organised 1n 9 lines
of 270 octets. It 1s composed of a section overhead SOH, a
pointer PTR and a usetul load.

The useful load consists of a virtual container VC4 whose
position in the STM-1 frame 1s defined by the pointer PTR.
The value of this pomnter PI'R can be modified when the
frame rate 1s shufted by plus or minus with respect to the rate
of the virtual container VC4. Positive or negative justifica-
tion mechanisms are also provided 1n order to take account
also of these frequency shiits.

In FIG. 2, a virtual container VC can be seen, which can
be of the VC12 or VC2 type and which consists, distributed
over four basic STM-1 frames, of four parts of identical size,

cach having a header octet (reference in the standard V35, 12,
N2 or K4) and a load available to the user.

In the remainder of the description, each of these parts
will be named a virtual subcontainer equivalent to a quarter

10

15

20

25

30

35

40

45

50

55

60

65

2

of a virtual container, which will therefore be either a virtual
subcontainer of VCI12 or a virtual subcontainer of VC2.

The size of a virtual subcontainer 1s either 35 octets 1f it
1s a subcontainer of VC12, or 107 octets 1f 1t 1s a subcon-
tainer of VC2. Each virtual subcontainer has a header octet
(V3, J2, N2 or K4) and therefore 34 or 106 usetul load
octets. The set of header octets constitutes the path overhead
POH of the corresponding virtual container.

The respective functions of these overhead octets are
described 1n Recommendation G707. It will merely be noted
that octet J2 normally serves to periodically transmit an
identifier for an access point to a path of lower level. This
path access point identifier 1s defined by a message 1in 16
octets.

It should be noted that a multiframe may contain up to 63
V(12 virtual containers or up to 21 VC2 virtual containers.

Each VC12 or VC2 virtual container 1s 1inserted mna TU12
or TU2 tributary umt. Because the data of the VC12 or VC2
virtual container and the TU12 or TU2 tributary unit are not
synchronous, the VC12 or VC2 virtual container can float
within this tributary unit so that a pointer 1s necessary in
order to indicate its start in the tributary unit TU. This
pointer 1s transported by the octets V1 and V2 situated in the
overhead of the tributary unit TU and points to the first octet
of the corresponding virtual container, that 1s to say the octet
V5 of the overhead POH, as can be seen 1n FIG. 14. It should
be noted that this pointer 1s defined for a multiframe and that
it can be modified when the transmission rate of the tributary
unit 1s shifted by plus or minus with respect to the rate of the
V(C2 or VC12 virtual container. Positive or negative justi-
fication mechanisms are also provided to take account also
of these frequency shifts.

Finally, each tributary unit TU 1s inserted in four VC4
virtual containers of four successive STM-1 frames. Each
tributary unit TU 1s synchronous with the VC4 wvirtual
container containing it.

At the present time, an SDH network can offer at a
maximum only five useful transportation rates, which cor-
respond to the following virtual containers used:

virtual container of the VC4 type: 150 Mbits/sec,

virtual container of VC3 type: 48 Mbits/sec,

virtual container of the VC2 type: 7 Mbits/sec,

virtual container of the VC12 type: 2 Mbits/sec,

virtual container of the VCI11 type: 1.5 Mbits/sec.

The consequence of the transportation of flows of inter-
mediate rates 1s not only poor filling of the virtual containers
and therefore of the SDH synchronous paths but also,
because of the SDH multiplexing structure, a loss of
resources 1n the form of VC11, VC12, VC2 or VC3 virtual
containers which could be available per STM-1 frame for
other flows adapted to these virtual containers.

Thus not only are the rates, for example between 50 and
100 Mbits/sec, transported by a VC4 virtual container with
a low filling rate of between 33% and 66%, but also it 1s
impossible to use, for other tflows, the virtual containers VC
of lower order (VCI11, VC12, VC2 or VC3) made unavail-
able 1n the STM-1 frame which 1s occupied entirely by this
poorly filled VC4 virtual container.

To resolve this problem, Recommendation G.707 pro-
vides for the virtual concatenation of TU-2 units in a VC-4
container of higher level. This concatenation allows the
transportation of data in mxTU-2 units without using the
concatenation indication 1n the pointer octets.

It 1s also mentioned that the processing of the pointer 1n
intermediate equipment may cause diflerences in the delay
of the signals of virtually concatenated individual VC2
containers.
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There 1s also known, in order to partly resolve this
problem of filling SDH containers, according to the patent
document EP-A-814 580, a hybrid multiplexer which com-
prises first reception means for receiving the content of a
large-capacity SDH container, concentration means for
reducing the number of ATM cells 1n the container recerved
by eliminating the empty cells which were contained
therein, generation means for generating a lower-capacity
SDH container with the ATM cells retained and any empty
padding cells, multiplexing means for eflecting the SDH
synchronous multiplexing of the lower-capacity containers
and transmission means for transmitting the SDH container
thus generated.

In the present invention, the concatenation in question 1s
always virtual. The latter term will not be used routinely to
designate 1t, but 1t will be understood that 1t will nevertheless
be 1mplied.

However, no mechamism 1s provided by Recommendation
(G.707 for recovering the concatenated virtual containers 1f
these are subject, during their transportation in the SDH
network, either to a change 1n position 1n the frame, or
movements of their TU2 or TU12 unit pointers.

Likewise, no mechanism 1s provided for putting the
concatenated containers back in phase when these are sub-
ject to large phase shifts greater than one multiframe.

In addition, no mechanism 1s provided by Recommenda-
tion G.707 for projecting the service rate into containers and
then concatenating them, in order to adjust the service rate
to a reserved rate.

The purpose of the present mmvention i1s to propose a
system for access to a synchronous network which makes it
possible to resolve these problems, and in particular to
propose such a system for transmitting data over a synchro-
nous network of the SDH type so as best to use the capacity
of the frames both for the source data flow and for the other
flows of the intermediate equipment of the SDH network.

Such a system for the transmission of data by a synchro-
nous network 1s of the type which comprises at least one
item of transmitting equipment and at least one item of
receiving equipment, the said data being supplied at the
input of the said transmitting equipment in order to be
inserted 1n concatenated virtual containers which are them-
selves 1nserted 1n synchronous frames in order to be trans-
mitted to the said receiving equipment.

According to one characteristic of the present invention,
the said transmitting equipment has a umt for measuring the
rate of the mcoming data flow and a parameterising unit
which deduces, from the measurement made by the said
measuring unit, the total number of virtual containers of
lower order to be virtually concatenated 1n order to transport
the said data flow 1n the said frames, the header of each
concatenated container carrying a message giving the total
number of concatenated containers and the order number of
the said container amongst the said concatenated containers,
the said receiving equipment delivering only the containers
carrying the said message, and this in the order given by the
said message.

According to another characteristic of the invention, the
said network 1s of the SDH type 1n accordance with Rec-
ommendation .707 and, for a given concatenated virtual
container, the said message consists of the sixteen J2 header
octets successiully transmitted 1n sixteen successive multi-
frames.

According to another characteristic of the invention, the
said receiving equipment functions according to at least two
distinct phases, a learning phase in which, by means of the
message carried by each of the said containers, the said
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receiving equipment marks, in the frames received, the
position ol each concatenated container receirved, and a
normal functioning phase in which, on the basis of each
position thus determined, i1t delivers the said concatenated
containers to a unit for recovering the said data.

According to another characteristic of the invention, the
said transmitting equipment functions according to at least
two distinct phases, an initialisation phase during which the
measuring unit measures the incoming flow rate and the
parameterising unit derives therefrom the total number of
virtual containers to be reserved for the transportation of the
said data of the incoming flow and then a normal functioning
phase during which the said data are inserted in the said
reserved virtual containers, the said transmitting equipment
leaving the said normal functioning phase in order to enter
the said mmitialisation phase when the said measuring unit
indicates that the said measured rate 1s greater than the
maximum rate which can be offered by the total number of
reserved concatenated containers.

According to another characteristic of the invention, the
said transmitting equipment comprises a container forma-
tion unit 1n order to form the said concatenated containers by
means on the one hand of the useful data of the incoming
flow and on the other hand, if these are not available 1n
suflicient quantity at the time in question, by means of
padding data necessary for saturating the rate oflered by the
said virtual containers.

According to another characteristic of the invention, 1n a
first embodiment, each subcontainer has, 1n addition to its
header, a length octet which represents the quantity of usetul
data and/or the quantity of padding 1n its useful load.

According to another characteristic of the mnvention, and
in another embodiment, the said transmitting equipment has
a bufler which 1s supplied by the said incoming tflow and
which 1s designed to deliver, at its request, blocks of data
useful to the said formation unit, and a control unit which
either controls the delivery by the said bufler of one or more
blocks of useful data when these are available 1n the said
bufler memory, or delivers blocks of padding data when the
quantity of useful data in the said bufler i1s less than the
quantity of data in a block. Fach of the said blocks of data
has for example the size of a virtual subcontainer so as to {ill
its useful load, each virtual subcontainer being either of a
type where 1t contains useful data or of a type where 1t
contains padding data.

According to another characteristic of the invention, each
subcontainer comprises, 1 addition to its header, an octet
representing the type of data which 1t contains.

According to another characteristic of the invention, the
said type octet has seven bits which express the word
1010101 when the said subcontainer 1s transporting useful
data and the binary word 0101010 when it 1s transporting
padding data, the said octet being recognised at the receiving
equipment by calculating the Hamming distance between
the seven bits of the octet received and the value 1010101
and by comparing this distance with the figure four, the
subcontainer received being of the type where 1t contains
usetul data 11 the said distance 1s less than four and being of
the type where it contains padding data 1f this distance 1s
greater than or equal to four.

According to another characteristic of the invention, the
said bufler delivers the respective values of a high pointer
and of a low pointer, the said control unit delivering blocks
of padding data when the difference between these two
values 1s less than the size of a subcontainer, until the said
difference once again becomes greater than the size of a
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subcontainer, the said control unit then controlling the
delivery, by the bufler, of the data blocks which it contains.

According to another characteristic of the invention, the
said mcoming flow 1s a tlow of ATM cells and each of the
said blocks of the data has the size of one or more ATM cells.

According to another characteristic of the invention, the
said blocks of data are stored 1n a multiframe, consecutively
filling the reserved containers.

According to another characteristic of the invention, the
said blocks of data are stored in a multiframe distributing the
said blocks one after the other on the reserved containers.

According to another characteristic of the invention, the
said receiving equipment 1s provided at i1ts output with a
bufler which 1s supplied by the recovered data extracted
from the concatenated virtual containers received, at the
extraction rhythm of the said data, and which i1s read at a
regular rhythm.

According to another characteristic of the invention, the
said message also carries an identifier for the said transmit-
ting equipment.

The present invention also concerns a method of trans-
mitting data by means of a synchronous network of the type
in which the said data are inserted 1n virtual containers
which are themselves inserted in synchronous frames in
order to be transmitted.

According to one characteristic of the present invention,
the said transmission method consists of measuring the rate
of the incoming data flow, deriving from the result of the
said measurement the total number of virtual containers to
be concatenated 1n order to transport the said data flow 1n the
said frames, and providing each of the said containers to be
concatenated with a message giving the total number of
concatenated containers and the order number of the said
container amongst the said concatenated containers.

According to another characteristic of the invention, the
said network 1s of the SDH type 1n accordance with Rec-
ommendation G.707 and the said method 1s characterised 1n
that, for a given concatenated virtual container, the said
message consists of sixteen J2 header octets successtully
transmitted 1n sixteen successive multiframes.

According to another characteristic of the invention, on
reception of a frame containing concatenated containers,
two distinct steps are implemented, a learning step 1n which,
by means of the message carried by each of the said
containers, the position of each concatenated container
received 1s recovered in the received frames and a normal
functioning step in which, on the basis of each position thus
determined, the said concatenated containers are delivered
so that the said data can be recovered.

According to another characteristic of the nvention, 1t
consists of putting the reserve containers back in phase, on
reception, by analysing the oflset in the octets constituting,
the message carried by each of them.

According to another characteristic of the invention, on
transmission, two distinct phases are implemented: an 1ni-
tialisation phase during which a measurement of the rate of
the incoming flow 1s carried out and the total number of
virtual containers to be reserved for the transportation of the
said data of the mcoming flow 1s derived, and a normal
functioning phase during which the said data of the incom-
ing flow are inserted in the said reserved virtual containers,
the said normal functioning phase being abandoned for the
said 1nitialisation phase when the said measured rate 1s
greater than the maximum rate which can be offered by the
total number of reserved concatenated containers.

According to another characteristic of the nvention, 1t
consists of using, 1n order to form the said concatenated

10

15

20

25

30

35

40

45

50

55

60

65

6

containers, on the one hand useful data of the 1 111C0m111g flow
and on the other hand, 11 these are not available 1n suflicient
quantity at the time 1n question, padding data necessary for
saturating the rate offered by the said virtual containers.

According to another characteristic of the invention, the
said message also carries an identifier for the said transmit-
ting equipment.

The present invention also concerns a synchronous frame
for the transportation of data flows, the said data being
inserted 1n virtual containers which are themselves inserted
in the said synchronous frame.

According to another characteristic of the invention, each
of the said containers which are concatenated with each
other carries a message giving the total number of concat-
enated containers and the order number of the said container
amongst the said concatenated containers.

According to another characteristic of the invention, the
said frame 1s of the SDH type in accordance with Recom-
mendation G.707 and i1s also characterised in that, for a
given concatenated virtual container, the said message con-
sists of sixteen J2 header octets successiully transmitted 1n
sixteen successive multiframes.

According to another characteristic of the invention, each
subcontainer has, in addition to 1ts header, an octet of the
type which indicates whether 1t 1s carrying, 1n 1ts useful load,
useful data or padding data.

According to another characteristic of the imvention, the
said type octet has seven bits which express the word
1010101 when the said subcontainer is transporting useful
data and the binary word 0101010 when 1t 1s transporting
padding data.

According to another characteristic of the invention, each
subcontainer has, 1 addition to 1its header, a length octet
which represents the quantity of useful data and/or the
quantity of padding in 1ts useful load.

BRIEF DESCRIPTION OF THE

DRAWINGS

The characteristics of the invention mentioned above, as
well as others, will emerge more clearly from a reading of
the following description of an example embodiment, the
said description being given in relation to the accompanying,
drawings, amongst which:

FIG. 1 1s a diagram showing the structure of the frames 1n
a synchronous network of the SDH type to which the present
invention can be applied,

FIG. 2 1s a diagram showing the structure of the virtual
containers which are concatenated according to the present
invention,

FIG. 3 15 a block diagram of a system for the transmission
of data by a synchronous network according to the present
imnvention,

FIGS. 4a and 4b are a diagram illustrating the filling of the
concatenated virtual containers according to two distinct
modes,

FIG. 5 1s a diagram 1illustrating the structure of the
message carried by each of the concatenated virtual con-
tainers, and

FIGS. 6a to 6¢ are diagrams 1llustrating the filling of the
virtual containers by means of the useful data and the
padding data according to two embodiments of the inven-
tion.

DETAILED DESCRIPTION OF THE DRAWINGS

There will be considered; 1n relation to FIG. 3, transmit-
ting equipment 10 1 commumcation with a receiver 20
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through a synchronous network 30, for example of the SDH
(Synchronous Digital Hierarchy) type based on Recommen-
dation G.707 of the ITU-T referred to above or of the
SONET type.

The transmitting equipment 10 has a service input 11
through which the data to be transmitted are input. In the
context of the present invention, these data can be in various
formats such as for example: ATM cells, broad-band digital
signals of the NRZ binary type, data to the G.703 PDH
format, audio-digital signals to the AES/UER format or
compressed audio-visual signals to the MPEG2-TS format,
IEEE 802.3 or Ethernet data frame, etc.

These data are supplied to a bufler 12 of the type known
in the art as FIFO (First In, First Out). This bufler 12 delivers
the useful data DU which 1t has stored to a container
formation unmit 13, at the request of the said umt 13. A
parameterising unit 14 1s controlled, as explained below, by
a unit 15 for measuring the data flow rate at the input 11 of
the transmitting equipment.

The bufler 12 also delivers the respective values of a high
pointer ph and a low pointer pb representing 1ts filling level.
These pointer values are supplied to a rate control unit 16
which delivers, to the container formation unit 13, as will be
explained below as a function of the filling levels of the
bufler 12, padding data B.

The function of the unit 13 is to form, by means of the
usetlul data DU delivered at its own request by the butier 12
and padding data B supplied by the rate control unit 16, C2
or C12 containers. It receives, from the parameterising unit
14, various parameters and in particular the number of
containers N to be concatenated and the type, C2 or C12, to
be considered.

The unit 13 delivers the C2 or C12 containers which 1t
forms to a virtual container formation unit 17 provided for
adding V35, J2, N2 and K4 overhead octets to the C2 or C12
containers and thus form VC2 or VC12 virtual containers.
The umt 17 receives, from the parameterising unit 14, a J2
octet which constitutes one of the said overhead octets.

The virtual containers thus formed are delivered to a
transmission unit 18 which, as explained above, inserts them
in VC4 containers, which projects the said VC4 containers
into STM-1 frames and transmits the said STM-1 frames, via
the SDH network 30, to the receiver 20.

It will be recalled that the VC2 and VC12 containers are
defined on a multiframe defined as being the succession of
four STM-1 frames whilst the VC4 virtual container for 1ts
part 1s defined on an STM-1 frame.

The recerver 20 recerves the said frames through a recep-
tion unit 21 which, in a manner known per se, after inter-
pretation of the pointers PTR (which are not necessarily the
same as those which were determined by the transmitting
equipment 10 notably because of the passage of the said
frames through the SDH network 30), recovers the VC4
containers, and then the TU2 or TU12 tributary units which
the said containers contain and, after interpretation of the
corresponding pointers V1 and V2, delivers VC2 or VC12
virtual containers to a container recovery unit 22 provided
for recovering the corresponding C2 or C12 containers. The
unit 22 1s controlled by an overhead analysis unit 23 which
analyses the overhead octets V5, J2, N2 and K4 and enables
it to extract only the C2 or C12 containers resulting from the
concatenation, as will be explained below. Finally, the C2 or
C12 containers supplied by the unit 22 are delivered to a data
recovery unit 24 which on the one hand recovers the nitial
data and on the other hand recovers the rhythm and makes
regular the rate of the said data which are then delivered at
a service output 235.
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The unit 24 consists for example of a bufler of the FIFO
type, where the writing of the data 1s synchronous with the
C2 or C12 contaimners delivered by the unit 22 and 1s
therefore because of this sporadic, and where the reading of
the data 1s on the other hand slaved to 1ts filling level making
the data output rate regular.

A description will now be given of the functioning of the
transmitting equipment 10. It functions 1 two distinct

phases: an 1nitialisation phase and a normal functioming
phase.

The mitialisation phase 1s implemented when the trans-
mitting equipment 10 1s started up. There, the different cards
constituting the equipment are configured and any anomalies
and alarms which may prevent start-up are detected.

During this phase, the rate measuring unit 15 measures the
rate of the incoming data flow and transmits the result of this
measurement to the parameterising umit 14, which then
derives therefrom the number N of VC12 or VC2 virtual
containers which 1t 1s necessary to reserve 1 order to
transmit the service data 1ssuing from the mput 11 and which
stores this value N. For example, the number N of VC12 or
V(2 containers to be reserved 1s equal to the iteger just
greater than the ratio of the rate thus measured D, __ to the
usetul data rate D, _,, or Dy, corresponding to a VC12 or
V(2 container, taking into account the different overheads

NCCess5dry.

For example, if the measured rate D_ __ 1s 25 Mbits/sec
and the virtual containers in question are VC2 containers
whose rate D__, 1s 6784 kbits/sec, the number N will be

equal to 4.

It will be understood that, in the context of Recommen-
dation G.707 referred to above, the number N will be no
more than 63 for VC12 containers oflering a useful data rate
D. ., and 21 for VC2 containers oflering a useful data rate
D. .. The exact values of the rates Dy, and D, will be
seen subsequently.

I1 the number of containers to be reserved 1s equal to the
number N already used during a previous operating phase
(the number N 1s stored 1n the parameterising unit 14), no
modification 1s necessary and the equipment goes directly
into the subsequent operating phase.

It should be noted that the fact that the number N 1s stored
makes 1t possible to restart the equipment in 1ts last state,
without human intervention, after a mains power cut has
occurred.

If the number of containers to be reserved 1s greater than
the previously stored number N, 1ts new value N 1s stored 1n
place of the previous one 1n order to be taken into account.
A confirmation from the user may be requested in order to
make 1t possible to artificially increase, during transmission,
the number of concatenated VC12 or VC2 virtual containers
in expectation of an increase in the mput rate.

The number N and the type of C2 or C12 containers used
are stored by the unit 14 1n order to be delivered, during the

subsequent operating phase, to the container formation unit
13.

During this phase, the transmitting equipment 10 func-
tions as follows.

At each moment, the measuring unit 15 measures the rate
D_ __ofthe data flow at the input 11. The parameterising unit
14 checks whether the data rate D_ __ thus measured can be

transported by the N VC12 or VC2 containers reserved
during the 1mitialisation phase.

If such 1s not the case, an alarm 1s activated and the
transmitting equipment exits from the operating phase in
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order to enter a new 1nitialisation phase where a new number
N of VC12 or VC2 virtual containers to be reserved will then
be calculated.

It should be noted that the operator can at any time
interrupt the transmission. The equipment then exits from
the operating phase 1n order later to resume an 1nitialisation
phase.

The container formation unit 13, on the basis of the values
of the parameters which are transmitted to 1t by the param-
cterising unit 14, notably the value N and the type of VC12
or VC2 virtual containers used, requests the bufler 12 to
supply usetul data DU to it 1n the form of one or more blocks
of octets or, 1f these are not available in the required quantity,
to supply to it, via the rate control unit 16, padding data B
which will then serve to saturate the rate oflered by the N
containers reserved.

It should be noted that the size of the blocks of octets
depends on the format of the data to be inserted in the
container. For example, according to the invention, 1 these
are binary data of the NRZ type, a block will correspond to
the octets which are necessary for filling the useful load of
a S-VC12 or S-V(C2 subcontainer, that 1s to say respectively
33 or 105 octets. If they are data 1n the form of ATM cells,
a block will correspond to an AIM cell, that is to say to 53
octets.

The unit 13 then forms C12 or C2 containers from these
useiul data DU and padding data B.

The blocks of data can be stored 1n a multiframe either by
filling the N containers consecutively (see FIG. 4a) or by
distributing the blocks of data one after the other over the N

reserved containers (see FIG. 4b).

In the first case (FIG. 4a), the blocks are inserted con-
tainer after container so that it 1s necessary to await the
complete filling of the N containers before being able to
transmit the multiframe. The latency of the process is then
four frames, that 1s to say, for a frame duration of 125 us, a
latency of 500 ps.

In the second case (FIG. 4b), the filling of the N reserved
containers takes place frame by frame. Fach block of data 1s
distributed over the octets of the N reserved containers. A
frame can be transmitted as soon as it 1s filled, so that the
latency of the process 1s only one frame, that 1s to say, for
a frame duration of 125 us, a period of 125 ps.

The unit 17 attaches to each subcontainer a header octet,
which 1s either the octet V5, or the octet J2, or the octet N2,
or the octet K4 1n accordance with Recommendation G.707
and thus forms the VC2 or V(C12 virtual containers accord-
ing to circumstances.

The unit 17 continuously numbers each container used
and thus positions 1ts J2 octet so as to form a so-called 12
identifier message, constructed from a certain number of J2
octets present 1n the path overhead POH of the same number
of successive multiframes. The number of J2 octets forming
the said J2 identifier 1s advantageously 16 in order to be in
accordance with Recommendation G.707, which provides
for the formation of such a message without however
defining the content thereof. Likewise, in more general

terms, the format of the J2 i1dentifier 1s 1n accordance with
Recommendation G.707.

According to the present invention, the J2 identifier forms
a message specific to the equipment used 1n order to be able
to 1dentity with reliability the concatenated containers VC
belonging to a given item of equipment amongst all the
virtual containers received 1n the multiframe. It also makes
it possible to verily the sequencing of the concatenated
containers and the integrity of the concatenation.
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This makes 1t possible to resolve the problems of marking,
and extraction of the concatenated virtual containers
received, problems related to the fact that, in the SDH
network 30, the values of the pointers V1 and V2 allocated
to these virtual containers are not necessarily preserved
because of their change 1n position. In addition, the order of
the containers may also not be preserved and their position
within the frame may be modified 1n the network between
transmitting equipment and receiving equipment, for
example cross-connection, multiplexing etc equipment of
the SDH network.

As can be seen 1n FIG. 5, the message carried by the J2
octets consists essentially of three fields: an 1dentifier for the
IEE transmitting equipment, the order number n of the
container concerned and the total number N of containers
which have been concatenated by the transmitting equip-
ment 1dentified.

These fields are for example expressed 1n clear 1 so-
called ASCII code, the first in si1x octets, the second 1n two
octets and the third also 1in two octets. A separator may be
provided between the order number n and the total number
N of containers reserved by multiframes.

In addition, one octet, for example the first, of the J2
identifier may, 1n accordance with Recommendation G.707,
contain a cyclic redundancy check (CRC) code associated
with the J2 identifier previously received, and the other
octets are intended for the message proper.

The J2 identifier also contains octets reserved for other
applications (here four in number).

The VC12 or VC2 virtual containers formed by the unit
17 are transmitted to the unit 18, which projects them into
the TU12 or TU2 units, which are inserted in the virtual
containers VC4 of successive frames in order then to be
transported by the SDH network 30 in multiframes formed
by four STM-1 frames.

As for the receiving equipment 20, this functions as
follows. The STM-1 frames received from the SDH network
30 are analysed in the unit 21, which then delivers, from
corresponding containers VC4, virtual containers VCI12 or
V(2. In order to take account of the differences 1n the values
ol the pointers between concatenated virtual containers due
to the change in their position when they are transmitted in
the SDH network, it may be necessary to store at least four
consecutive STM-1 frames, or even several multiframes.

This may 1n particular be the case when two concatenated
containers undergo, in the SDH network, a significant phase
shift exceeding one multiframe. The J2 1dentifier will make
it possible to put them back in phase as long as this phase
shift does not exceed eight multiframes. This 1s because, 11
two concatenated containers are shifted in phase by P
multiframes, at a given moment, one will deliver the K™ 12
octet of the J2 message and the other will deliver the (K+P)”
12 octet. It will be understood that, during the analysis of the
12 octets received (which 1s carried out during the learning
phase of the receiver 20 (see below)), 1t 1s possible to deduce
the phase shift P between these two containers.

Since the J2 octet comprises 16 octets, the maximum
phase shift which can thus be determined 1s 8 multiframes.
For example, a phase shift of P(P>8) multiframes can be
interpreted as a positive phase shift of P multiframes or as
a negative phase shift of (16-P) multiframes.

It will be understood that 1t may then be necessary to store
up to eight multiframes in order to recover these phase
shifts.
The unit 22 analyses the headers of these VC2 and V(12
virtual containers and, in particular, extracts the J2 octet,
which 1t then supplies to the umit 23. The unmit 22, as
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disclosed below, then delivers the C2 or C12 wvirtual con-
tainers which had been concatenated with a unit 24 which
disassembles them so as to recover the flow of 1nitial data at
the output 25.

More precisely, the receiving equipment 20 functions
according to essentially three distinct phases, the mnitialisa-
tion phase, the learning phase and the operating phase.

The mitialisation phase 1s implemented when the recep-
tion equipment 1s started up. The different cards which
constitute the equipment are configured and any anomalies
and alarms which may prevent correct functioning of the
system are detected. Once this imitialisation phase has been
carried out, the equipment goes into the learning phase.

During the learning phase, the J2 octets delivered by the
unit 22 are read by the unit 23, which reconstitutes and
interprets the J2 1dentifier carried by the J2 overhead octets
(for example sixteen 1n number) of successive multiframes.
The unit 23 then delivers the value of the number N of
containers which have been concatenated at the transmitting
equipment 1 question as well as the value of the order
number n of the container in question. These two values are
recorded by the unit 23 and delivered to the unit 22, which
will thus be able to enter 1ts third operating phase. At the end
of this phase, the recerving equipment 20 1s synchronised
with the transmitting equipment 10.

It 1s during this learming period that the phase dif
between the concatenated containers 1s determined.

It should be noted that the containers which do not relate
to the transmitting equipment 1n question are rejected with-
out interpretation of their J2 octet.

In addition, it should be noted that, during this learming
phase, the recovery of the data flow 1s deactivated.

When 1t possesses the position 1n the multiframe of the N
containers used, the receiving equipment passes to the
operating phase.

During the operating phase, there 1s first of all a reception
by the unit 21 of the receiving equipment 20 of the frames
1ssuing irom the transmission path 30.

The processings related to the SDH transportation layer
between the physical interface and the S2 or S12 layer are
described 1n the functional model of Recommendation
(.707 mentioned above. At each multiframe received, the
pointers of the containers situated i1n the V1 and V2 over-
head of the TU12 or TU2 tributary umts are saved in a
memory. There 1s then extraction of the VC12 containers or
V(2 containers from the TU12 or TU2 tributary unaits.

The VC12 or VC2 virtual containers received are in
accordance with Recommendation G.707. The unit 23 pro-
cesses the octets of their overhead V5, J2, N2 and K4 and
reconstitutes the message transported by the J2 identifier.
The virtual containers which have been received but which
have not been recognised as appearing amongst those which
are pointed to by the identifier J2 determined during the
synchronisation phase are rejected. For the others, the blocks
of useful data contained in the C12 or C2 containers are
extracted by the unit 22 from the VCI12 or VC2 virtual
containers delivered by the unit 21 and are then delivered to
the unit 24, which then delivers the tlow of data recovered
at the service output 25.

The message 1n 16 octets transported by the J2 1dentifier
1s interpreted by the unit 23 even outside the learning phase.
It makes 1t possible to verily that the configuration of the
concatenated containers 1n the multiframe has not changed.
Should it happen to vary, the equipment should go back into
the learning phase.

When the service data transmission rate at the mput 11 1s
less than the rate reserved by means of the N VC2 or VC12
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containers, 1t 1s necessary, 1n order to saturate the path rate,
to add to the useful data DU data known as “padding™ data
B, that 1s to say ones which do not represent useful infor-
mation.

The mtroduction of the padding data B into a C2 or C12
container may take place either directly in the container
itself or at the ATM layer considering the padding cells

which are then introduced into the container just like any
other ATM cell.

With regard to direct introduction, the padding data B may
be transmitted mixed at the octet level with useful data DU
within one and the same virtual subcontainer. The configu-
ration of a virtual subcontainer 1s then the one depicted in
FIG. 6a. This virtual subcontainer has a useful load CU 1n
which the useful data DU are mserted and a padding B in
which the padding data are 1nserted. It also has a header octet
H (which 1s one of the octets V5, J2, N2 or K4) followed by
an octet L which indicates the length, for example expressed
in numbers of octets, of the usetul load CU.

It will be recalled that a virtual subcontainer comprises 35
or 107 octets. Consequently, having regard to the header
octet H of the octet L, the useful load CU will have a
maximum length of 33 or 105 octets. The maximum rate
D, provided by a VC2 virtual container (four S-VC2
virtual subcontainers) will then be per multiframe 6720

kbits/sec and the rate D, _,, for a VC12 virtual container
(four S-VC12 virtual subcontainers) 2112 kbits/sec.

Still with regard to direct introduction, the padding data
can also be transmitted by being collected together 1n
specific subcontainers, which are then mixed with subcon-
tainers of useful data.

FIG. 656 depicts a subcontainer of useful data whilst FIG.
6¢ depicts a padding subcontainer. It will be noted that each
contains an indication of belonging to one or other type,
which 1s for example contained 1n a specific octet T of the
virtual subcontainer 1n question. This information, which 1s
binary, has the advantage of being simple to protect against
any errors.

The octet T has its first seven bits expressing the binary
word 1010101 when the subcontainer 1s transporting useful
data DU and the binary word 0101010 when 1t 1s transport-
ing padding data B. Thus, at the receiving equipment, the
octet will be recognised by calculating the Hamming dis-
tance between the first seven bits of the octet received and
the value 1010101. If this distance 1s less than four, this
means that the octet T has the value 1010101 and the
container received 1s transporting useful data DU. On the
other hand, 11 this distance i1s greater than or equal to four,
this means that the octet T has the value 0101010 and that
the container received 1s transporting padding data B.

As betfore, the useful load CU will have a maximum
length of 33 or 105 octets and the maximum transmission
D, provided by a VC2 virtual container (four S-VC2
virtual subcontainers) will then be per multiframe 6720
kbits/sec and the rate D, for a VC12 virtual container
(four S-VC12 virtual subcontainers) 2112 kbits/sec.

It will be understood that then, 1f N 1s the number of
reserved containers on the SDH link, the total reserved rate
will be Nx2112 kbits/sec for VC12 virtual containers and
Nx6720 kbits/sec for VC2 virtual containers.

The unit 22 1s controlled by the unit 23, which analyses
the overhead octets H (V5, 12, N2, K4), but also the octets
L or T. Only the blocks of useful data DU are then delivered

to the recovery umt 24.
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Where padding data are inserted at the ATM physical
layer rather than at the containers, from the point of view of
the SDH layer, all the data transported are useful data
without distinction.

The ATM layer supports this type of padding data. This 1s
because the ATM cells are structured as a header of five
octets and a useful load 1n 48 octets. It should be noted that,
in AALI1, the usetul load 1s reduced to 47 octets. The header
makes 1t possible to define the type of load transported in the
cell. The following value stored 1n the first four octets of the
header indicates that 1t 1s a padding cell:

Octet 1 Octet 2 Octet 3 Octet 4

0000 0000 0000 0000 0000 0000 0000 0001

In order best to adjust the rate of the incoming flow to that
of the N containers reserved or concatenated in the SDH
frame, the number N of containers being fixed during the
learning phase, the automatic rate controller of the ATM
layer 1nserts, 1n each container, either padding cells or useful
data cells.

The size of a virtual contaimner 1s 140 (4x35) or 428
(4x107) octets according to the type of container processed
by the equipment, VCI12-x¢ or VC2-xc, including four

overhead octets POH (V35, J2, N2 or K4), that 1s to say 1n
total 136 or 424 usetul load octets, which will be used for
transporting the ATM cells which, for their part, contain 53

octets. No alignment between the container and the ATM
cells 1s effected so that the ATM cells can be distributed over

two consecutive containers.

It will be understood that a VC12 virtual container trans-
ports 4x34 octets of useful data per multiframe, which
corresponds to a rate D, of 2176 kbits/sec per C12
container. As for a VC2 virtual container, this transports
4x106 octets of useful data per multiframe, which corre-
sponds to a rate D, of 6784 kbits/sec per C2 container.

In the case of the processing of the padding by direct
introduction of the padding data, the automatic rate control
process implemented by the unit 1s as follows.

If the difference between the values respectively carried
by the high pointer ph and the low pointer pb of the bufler
12 1s greater than the size of one subcontainer, that 1s to say
33 or 105 octets, the automatic control unit 16 extracts from
the builer 12 the useful data DU necessary for filling one or
more containers, until the diflerence between the values ph

and pb carried by the said pointers becomes less than the size
ol one subcontainer.

If this difference 1s less than the size of one subcontainer,
then the automatic control umt 16 delivers padding data B
intended to be iserted in subcontainers, as previously
described, until the said difference once again becomes
greater than the size of one subcontainer.

A process implemented by the automatic rate control unit
16 1s now described in the case of the processing of the
padding at the ATM layer. If the difference between the
respective values carried by the two pointers ph and pb of
the buller 12 1s greater than the size of an ATM cell, that 1s
to say 33 octets (or 47 octets 1n the case of AALL), the
automatic rate control unit 16 extracts one or more data cells
from the buffer 12 until the difference between the two
pointer values ph and pb are less than the size of one cell.
If the difference between the values respectively carried by
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the two pointers ph and pb of the builer 12 1s less than the
size of one cell, then the automatic controller 16 inserts
padding cells.

Where the padding B 1s imnserted at the ATM physical
layer, the padding cells are rejected by the unit 22 1n order
to have only ATM cells and useful data at the output 25.

The invention claimed 1s:

1. Equipment for enabling the transmission of data by a
synchronous network, said equipment comprising at least
one 1tem of transmitting equipment and at least one 1tem of
receiving equipment, said transmitting equipment being
arranged to respond to the data for inserting the data in
concatenated virtual containers and for 1nserting the virtual
containers 1n synchronous frames for transmission to said
receiving equipment, said transmitting equipment including
a unit for measuring the transmission rate of incoming data
flow and a parameterizing unit for dertving, from the mea-
surement made by said measuring unit an indication of the
total number of virtual containers of lower order to be
virtually concatenated 1n order to transport said data flow in
said frames, a header of each concatenated container being
arranged for carrying a message including indications of the
total number of concatenated containers and the order num-
ber of said container amongst said concatenated containers.

2. The equipment according to claim 1 wherein said
transmitting equipment 1s arranged to function according to
at least two distinct phases, an 1mitialization phase during
which the measuring unit 1s arranged for measuring the rate
of the incoming flow and the parameterizing unit 1s arranged
for deriving therefrom an indication of the total number of
virtual containers to be reserved 1n the synchronous frame in
order to concatenate the virtual containers so as to transport
said data of the incoming flow, followed by a normal
operating phase during which the transmitting equipment 1s
arranged for inserting said data in said reserved concat-
cnated virtual containers, said transmitting equipment being
arranged to exit from said normal operating phase, and to
enter said an 1nitialization phase in response to said mea-
suring unit indicating that said measured rate 1s greater than
the maximum rate which can be offered by the total number
ol reserved concatenated containers.

3. The equpment according to claim 1 wherein said
transmitting equipment comprises a container formation unit
for forming said concatenated containers in response on the
one hand of the useful data of the incoming flow and on the
other hand, 1f these containers are not available 1n suflicient
quantity at the time the concatenated containers are formed,
by padding data necessary for saturating the rate oflered by
said virtual containers.

4. The equipment according to claim 3, wherein each
subcontainer has, 1n addition to 1ts header, a length octet for
representing the quantity of usetul data and/or the quantity
of padding 1n 1ts useful load.

5. The equipment according to claim 3, wherein said
transmitting equipment has a bufler which 1s arranged to be
supplied by said mncoming flow and which 1s arranged to
deliver blocks of usetul data to said formation unit at 1ts
request, and a control unit for selectively controlling (a)
delivery by said bufler of one or more blocks of useful data
when these data are available 1 said bufler and (b) deliv-
ering blocks of padding data when the quantity of useful data
in said bufler i1s less than the quantity of data 1n a block.

6. The data transmission system according to claim 3,
wherein each of said blocks of data has the size of a virtual
subcontainer so as to fill the usetul load of the wvirtual
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subcontainer, each virtual subcontainer being either of a type
enabling it to contain useful data or of a type enabling it to
contain padding data.

7. The equipment according to claim 6, wherein each
subcontainer comprises, 1 addition to its header, an octet
representing the type of data which the subcontainer con-
tains.

8. The equpment according to claim 7, wherein said
network 1s of the SDH type in accordance with Recommen-
dation (G.707, and for a given concatenated virtual container,
the transmitting equipment 1s arranged for causing said
message to include sixteen J2 header octets successively
transmitted 1n sixteen successive multiframes.

9. The equipment according to claim 35 wherein said bufler
1s arranged for delivering the respective values of a high
pointer and a low pointer, said control unit being arranged
for delivering blocks of padding data when the difference
between these two values 1s less than the size of a subcon-
tainer, until said difference once again becomes greater than
the size of a subcontainer, said control unit then being
arranged for controlling the delivery, by the bufler, of the
blocks of data which the builer contains.

10. Data transmission system according to claim 5,
wherein said mcoming flow includes a flow of ATM cells,
and each of said blocks of data has the size of one or more
ATM cells.

11. Data transmission system according to claim 1
wherein said receiving equipment includes, at its output, a
builer which 1s arranged to (a) be supplied by the recovered
data extracted from said concatenated virtual containers
received, at the rhythm of the extraction of said data and (b)
read the extracting data at a regular rhythm.

12. The equipment according to claim 1 wherein said
message also carries an i1dentifier for said transmitting,
equipment.

13. A system including the transmitter equipment of claim
1 and a receiver adapted to be responsive to the message
transmitted by the transmitter equipment, said receiving
equipment being arranged to deliver to an output thereof
only the containers carrying said message, 1n the order given
by said message.

14. Data transmission system according to claim 13,
wherein said receiving equipment 1s arranged to function
according to at least two distinct phases, a learning phase 1n
which, by using the message carried by each of said con-
tainers, said receiving equipment 1s arranged to mark 1n the
received frames an 1ndication of the position of each con-
catenated container received, and a normal operating phase
in which, on the basis of each position thus determined, the
receiving equipment 1s arranged to deliver said concatenated
containers to a unit for recovering said data.

15. The equipment according to claim 13, wherein

said transmitting equipment comprises a container forma-

tion unit for forming said concatenated containers in
response on the one hand of the useful data of the
incoming flow and on the other hand, 1t these contain-
ers are not available 1n suflicient quantity at the time the
concatenated containers are formed, by padding data
necessary for saturating the rate oflered by said virtual
containers;

said transmitting equipment has a buller which 1s

arranged to be supplied by said mmcoming flow and
which 1s arranged to deliver blocks of useful data to
said formation unit at 1ts request, and a control unit for
selectively controlling (a) delivery by said buller of one
or more blocks of useful data when these data are
available 1n said bufler and (b) delivering blocks of
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padding data when the quantity of useful data in said
bufler 1s less than the quantity of data 1n a block;

cach of said blocks of data has the size of a virtual
subcontainer so as to fill the useful load of the virtual
subcontainer, each virtual subcontainer being either of
a type enabling it to contain useful data or of a type
enabling it to contain padding data; and

said type octet has seven bits which express the word

1010101 when said subcontainer 1s transporting useful
data and the word 0101010 when 1t 1s transporting
padding data, the receiving equipment being arranged
for (a) recognizing said octet by calculating the Ham-
ming distance between the seven bits of the octet
received and the value 1010101 and by comparing this
distance with the numerical value four, (b) receiving a
subcontainer including useful data 1f the distance 1s less
than four and (c) receiving a subcontainer including
padding data if the distance 1s greater than or equal to
four.

16. The system according to claim 13, wherein

said transmitting equipment comprises a container forma-

tion unit for forming said concatenated containers in
response on the one hand of the useful data of the
incoming flow and on the other hand, i1 these contain-
ers are not available in suflicient quantity at the time the
concatenated containers are formed, by padding data
necessary for saturating the rate offered by said virtual
containers;

cach subcontainer has, 1in addition to its header, a length

octet for representing the quantity of useful data and/or
the quantity of padding 1n 1ts usetul load; and

said receiving equipment 1s arranged for storing blocks of

said data 1n a multiframe by consecutively filling the
reserved containers.

17. The system according to claim 13 wherein said
receiving equipment 1s arranged for storing blocks of the
data 1n a multiframe by distributing, one after the other, said
blocks on the reserved containers.

18. A method of supplying data for transmission by a
synchronous network to a receiver, said data, prior to
transmission, being inserted in virtual containers which are
themselves inserted in synchronous frames in order to be
transmitted, wherein the method comprises measuring the
rate of the flow of incoming data to be transmitted, deriving
from said measurement an indication of the total number of
virtual containers to be concatenated in order to transport
said data flow 1n said frames, and providing each of said
containers to be concatenated with a message indicating the
total number of concatenated containers as well as the order
number of said container amongst said concatenated con-
tainers.

19. Data transmission method according to claim 18,
wherein said network 1s of the SDH type 1n accordance with
Recommendation (.707 and for a given concatenated vir-
tual container, said message includes sixteen J2 header
octets successively transmitted 1n sixteen successive multi-
frames.

20. The data transmission method according to claim 18
in combination with receiving a frame including the con-
catenated containers, performing two distinct steps on the
second frame, the first step being a learning step 1 which,
in response to the message carried by each of said contain-
ers, the position of each concatenated container received 1s
recovered in the frames received, the second step being a
normal functioning step i which, on the basis of each
position thus determined, said concatenated containers are
delivered so that said data can be recovered.
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21. Data transmission method according to claim 20
turther including putting back i1n phase, on reception, the
concatenated containers out of phase by several multiframes
by analyzing the phase diflerence between octets constitut-
ing the message carried by each of them.

22. Data transmission method according to claim 18
wherein, on transmission, two distinct phases are performed:
an 1nitialization phase during which a measurement of the
incoming flow rate 1s carried out and an indication of the
total number of virtual containers to be reserved for the
transportation of said data of the imncoming flow 1s derived,
and a normal functioning phase during which said data of the
incoming tlow are inserted in said reserved virtual contain-
ers, said normal functioning phase being replaced by said
initialization phase when said measured rate 1s greater than
the maximum rate which can be offered by the total number
ol reserved concatenated containers.

23. Data transmission method according to claim 18
turther comprising using, for forming said concatenated
containers, on the one hand useful data of the incoming tlow
and on the other hand, 1f these useful data are not available
in suilicient quantity at the time the concatenated containers
are formed, using padding data necessary for saturating the
flow offered by said virtual containers.

24. Data transmission method according to claim 18
wherein said message also carries an identifier for said
transmitting equipment.
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25. A method of forming a synchronous frame for the
transportation of data flows, comprising inserting said data
in virtual containers that are themselves inserted in said
synchronous frame, concatenating said containers with each
other, and causing each concatenated container to carry a
message giving an indication of the total number of concat-
enated containers as well as the order number of said
container amongst said concatenated containers.

26. The method according to claim 25, wherein the frame
1s of the SDH type 1n accordance with Recommendation
(.707, and for a given concatenated virtual container, said
message includes sixteen J2 header octets successively
transmitted 1n sixteen successive multiframes.

27. The method according to claim 23 further including
inserting mnto each container, a header, a type octet which
indicates whether the container 1s carrying, 1n 1its useful load,
usetiul data or padding data.

28. The method according to claim 27, wherein said type
octet has seven bits which express the word 1010101 when
said subcontainer 1s transporting useful data and the word
0101010 when 1t 1s transporting padding data.

29. The method according to claim 25, further including
iserting into each container, a header, a length octet which
represents the quantity of useful data and/or the quantity of
padding 1n 1ts usetul load.
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